The ribosome-dependent attenuator located upstream of bacterial tryptophan biosynthesis genes 30 harbors a small ORF trpL containing tryptophan codons. When tryptophan is available, efficient trpL 31 translation causes transcription termination and release of the attenuator RNA rnTrpL. In Sinorhizobium 32 meliloti, rnTrpL is a trans-acting sRNA. Here, we identified an evolutionary conserved function for the 33 trpL-encoded 14-aa leader peptide peTrpL. Upon exposure to tetracycline, the cellular peTrpL levels 34 were increased and rnTrpL was generated independently of tryptophan availability. Both peTrpL and 35 rnTrpL were found to be involved in tetracycline-dependent destabilization of rplUrpmA mRNA encoding 36 ribosomal proteins L21 and L27. We provide evidence for redirection of the sRNA rnTrpL from its 37 antibiotic-independent target trpDC to rplUrpmA by formation of an antibiotic-dependent 38 ribonucleoprotein complex (ARNP). ARNPs comprising peTrpL, rnTrpL, rplUrpmA and antisense RNA 39 were also observed for other translation-inhibiting antibiotics, suggesting that bacteria evolved 40 mechanisms to utilize antibiotics for mRNA destabilization.
Introduction

44
In bacteria where transcription and translation are coupled, ribosome-dependent transcription 45 attenuation is a conserved regulatory mechanism that relies on small upstream ORFs (uORFs) encoding 46 leader peptides. Despite their widespread occurrence, no functions in trans are known for the leader 47 7 G228C, into rplU (Fig. 4A ) could be shown to cause a down-regulation of the reporter by rnTrpL-198 CG40,41GC (Fig. 4B) . These results validate the base-pairing between rnTrpL and rplU and show that 199 even subtle changes in the base-pairing interactions may have a major impact on the downregulation 200 of rplUrpmA.
201
The downregulation of rplUrpmA by base-pairing with rnTrpL may be explained by a destabilization of 202 the mRNA. Consistent with this hypothesis, we observed that, upon lacZ′-rnTrpL induction in strain 203 2011ΔtrpL (pSRKTc-rnTrpL) grown in medium with Tc, the half-life of rpmA was shortened, while that 204 of the control mRNA rpoB was not changed (Fig. 5A ). Since the interaction site of the sRNA rnTrpL is 205 located in rplU (Fig. 4A ), this result suggests that the bicistronic rplUrpmA mRNA is destabilized by the 206 sRNA. To confirm this and to demonstrate that Tc is involved in the destabilization, the half-lives of rplU 207 and rpmA were measured in strain 2011ΔtrpL (pSRKGm-rnTrpL) grown in medium with Gm, which was 208 exposed to IPTG and/or Tc. The half-lives of rplU and rpmA mRNA were significantly shortened 10 min 209 p. i. only if Tc was applied in addition to IPTG (see Fig. 5B for rpmA and Fig. S3 for rplU). Based on the above data, we hypothesized that peTrpL, rnTrpL, Tc and rplUrpmA mRNA form a complex 215 in S. meliloti. To isolate this complex, we decided to produce an N-terminally triple FLAG-tagged version 216 of TrpL (3×Flag-peTrpL) and to perform coimmunoprecipitation (CoIP) experiments. First, we tested 217 whether 3×Flag-peTrpL is functional. We detected a decrease in the rpmA level at 10 min post IPTG 218 addition to cultures of strain 2011 (pSRKGm-3×Flag-peTrpL, pRK4352) ( Fig. 6A ). Although this 219 decrease was less pronounced than the decrease caused by wild type peTrpL, this result suggested 220 that 3×Flag-peTrpL largely retained the functionality of the native peptide. However, we found that the 221 3×Flag-peTrpL peptide is non-functional in the deletion mutant 2011ΔtrpL, suggesting that the leader 222 peptide acts as a dimer or multimer, and the tagged peptide may form functional complexes with the 223 wild type peptide. Therefore, for the subsequent analyses, 3×Flag-peTrpL was produced in strain 2011 224 with the wild type trpL background.
225
For the CoIP, lysates were prepared at 10 min after IPTG addition to cultures of strain 2011 (pSRKGm-226 3×Flag-peTrpL, pRK4352) and the control strain 2011 (pSRKGm-peTrpL, pRK4352), respectively. To 227 account for a possible role of Tc in ribonucleoprotein complex formation, the beads were divided into 228 two fractions after incubation of the lysate with FLAG tag-specific antibodies coupled to beads. One 229 fraction was washed with a Tc-containing buffer (2 µg/ml Tc, tenfold less than the Tc concentration in 230 the medium), while the second fraction was washed with buffer without Tc. Then, coimmunoprecipitated
231
RNA was purified and analyzed by qRT-PCR. The sRNA rnTrpL was strongly enriched by CoIP with the 232 3×FLAG-peTrpL, but only if Tc was present in the washing buffer ( Fig. 6B) . Similarly, rplUrpmA could rnTrpL, the leader peptide peTrpL and their target mRNA rplUrpmA are facilitated by (or even dependent 236 on) the presence of Tc. enrichment of the anti-rnTrpL and anti-rplUrpmA transcripts by the CoIP was validated by qRT-PCR 240 ( Fig. 6B) . While a transcription start site (TSS) of an anti-rnTrpL RNA was annotated previously, no TSS 241 for the asRNA complementary to rplUrpmA was known (Schlüter et al., 2013) . We tested the region 242 downstream of rplUrpmA for antisense promoter activity using a transcriptional fusion with a reporter 243 egfp mRNA ( Fig. S1 ) and observed a strong induction of antisense transcription upon exposure to Tc.
244
The level of the reporter egfp mRNA was increased 13-fold (± 4) . This explains the co-purification of the 245 anti-rplUrpmA RNA from a culture grown in medium with Tc, and suggests that asRNAs may play a role 246 in a Tc-dependent regulation of rplUrpmA expression.
247
To provide additional evidence for a Tc-dependent complex between peTrpL, rnTrpL and rplUrpmA, we 248 decided to produce a 5′-terminally tagged MS2-rnTrpL sRNA in S. meliloti and to isolate it together with 249 its interaction partners using an MS2-MBP fusion protein coupled to amylose beads as described by 250 Smirnov et al. (2016) . First we tested the functionality of the tagged sRNA in strain 2011ΔtrpL (pRK-
251
MS2-rnTrpL, pSRKGm-peTrpL). After 10 min induction of peTrpL production, a decrease in the rpmA 252 level was detected ( Fig. S4 ). In contrast, such a decrease was not detected if (instead of pRK-MS2-253 rnTrpL, from which MS2-rnTrpL is transcribed) the negative control plasmid pRK-MS2 encoding the 254 MS2 aptamer only was used. Based on these data, we concluded that peTrpL is capable to 255 downregulate rplUrpmA with the help of the sRNA MS2-rnTrpL ( Fig. S4 ).
256
Then, lysates of 2011ΔtrpL (pRK-MS2-rnTrpL, pSRKGm-peTrpL) cultures were prepared at 10 min post 257 IPTG addition and affinity chromatography was performed. The MS2-MBP amylose beads were washed 258 in buffer containing or lacking Tc as described above, and the elution fractions were analyzed by qRT-
259
PCR. Fig. 7A shows that, as expected, MS2-rnTrpL was strongly enriched in the elution fractions 260 independently of the presence of Tc in the washing buffer. Compared to the amounts of rnTrpL, very 261 low amounts of asRNA were co-purified, which probably originated from spurious transcription from the 262 plasmid. Importantly and in line with the results shown in Fig. 6 , rplUrpmA and its asRNA were co-263 purified only if washing buffer that contained Tc was used ( Fig. 7A ).
264
As controls, trpC and trpE were analyzed. Concerning the Tc-independent target trpC (representative 265 of trpDC), we made the following observations: i) relatively low amounts of trpC were co-purified when
266
Tc was present in the washing buffer; ii) the amount of co-purified trpC was significantly higher when 267 buffer without Tc was used in the washing procedure; iii) no asRNA complementary to trpC was co-268 purified (Fig. 7A ). The last observation suggests that asRNA is not involved in the trpDC regulation by 269 rnTrpL. Further, the increased co-purification of trpC upon washing without Tc suggests that, during the 270 washing step (performed in batch), rplUrpmA and peTrpL were released from MS2-rnTrpL and, interact with rnTrpL) was not co-purified, showing the specificity of target mRNA copurification with MS2-(1.8 kDa) by SDS-PAGE. Strain 2011 (pRK-MS2-rnTrpL, pSRKGm-3×FLAG-peTrpL) was used for MS2-
278
MBP affinity chromatography, and the elution fractions were analyzed by a Tricine-SDS-PAGE. We 279 detected a small protein migrating at approximately 13 kDa, which was copurified with MS2-rnTrpL only 280 if the Tc-containing buffer was used (Fig. 7B, lane 2) . This band was identified by Western blot analysis 281 ( Fig. S5 ) and mass spectrometry (Table S1 ) as aberrantly migrating 3×FLAG-peTrpL. The lack of 282 3×FLAG-peTrpL in the MS2-rnTrpL sample that was washed with buffer without Tc (Fig. 7B , lane 1) 283 confirmed that Tc is required for the copurification of the leader peptide with the attenuator sRNA. Other 284 proteins were not detected in the purified complex ( Fig. S6 ).
285
Taken together, the data shown in Fig. 6 and Fig. 7 strongly suggest that peTrpL, rnTrpL and rplUrpmA 286 form an antibiotic-dependent ribonucleoprotein complex (ARNP) that also contains asRNA.
288
Tetracycline causes ARNP assembly and redirection of rnTrpL from trpD to rplU
289
To demonstrate that Tc mediates the ribonucleoprotein complex formation, we studied in vitro complex 290 disassembly by diluting an ARNP sample (and thus lowering the concentration of Tc, among others), 291 and reassembly by raising the Tc concentration in the diluted sample. First the disassembly of ARNP 292 purified via MS2-rnTrpL from strain 2011ΔtrpL (pRK-MS2-rnTrpL, pSRKGm-peTrpL) was analyzed.
293
Five-fold dilution of the sample resulted in a profoundly reduced interaction between MS2-rnTrpL and 294 rplUrpmA (Fig. 8A ). Therefore, this dilution, which decreased the Tc concentration from 2 µg/ml (High-
295
Tc, H) to 0.4 µg/ml (Low-Tc, L), was used for complex disassembly in subsequent experiments.
296
The reassembly was tested by adding 5 µg synthetic 3×FLAG-peTrpL to an ARNP sample that 297 contained 2.4 µg protein. The sample (in High-Tc buffer) was divided in three portions. Two control 298 portions, which were diluted 5-fold, were kept at High-Tc or Low-Tc conditions for 10 min (10′ H and 10′ 299 L, respectively). The third portion was first subjected to complex disassembly (5-fold dilution and 300 incubation at Low-Tc for 3 min; 3′ L) and then the Tc concentration was raised to reassemble ARNPs 301 (incubation at High-Tc for 7 min; 7′ H). The three samples were analyzed by MS2-MBP affinity 302 chromatography ( Fig. 8B ) and by CoIP with FLAG-specific antibodies (Fig. 8C ). When MS2-MBP affinity 303 chromatography was conducted, the 3×FLAG-peTrpL was co-purified with MS2-rnTrpL only from the 304 sample that was subjected to disassembly and reassembly, but not in the control samples ( Fig. 8B ).
305
Consistently, Fig. 8C shows that rpmA mRNA was also coimmunoprecipitated with 3×FLAG-peTrpL only 
335
We also tested whether an anti-rplU transcript would have an influence on the ARNP formation. Fig. 9B 336 shows that addition of the asRNA to the reconstitution mixture strongly increased the amount of mini-337 rplU that was co-purified with MS2-rnTrpL, while unrelated, control RNAs had no effect. Thus, the 338 asRNA increases the efficiency of ARNP formation in vitro. This result suggests that, in S. meliloti, the 339 Tc-induced anti-rplUrpmA may have a supportive role in rplUrpmA downregulation upon exposure to 340 Tc.
342
The trp attenuator responds to Tc exposure by generation of the sRNA rnTrpL
343
The above results show that the products of the trp attenuator, the sRNA rnTrpL and the leader peptide 
359
To test this hypothesis, we used strain 2011ΔtrpC, in which the attenuation can be easily assessed (Bae 360 and Crawford, 1990; Melior et al., 2019) . After 4 h of growth under Trp-limiting conditions (minimal 361 medium supplemented with 2 µg/ml Trp), rnTrpL was essentially non-detectable in the Northern 362 hybridization (Fig. 10A , lanes 2 and 3), a result that is consistent with the expected trpLE(G) 363 cotranscription. Addition of 1.5 µg/ml Tc to this culture (the minimal inhibitory Tc concentration under 364 these conditions was 2 µg/ml) resulted in increased rnTrpL levels (Fig. 10A , lanes 4 and 5). This is in 365 line with the proposed transcription termination as a consequence of ribosome pausing at the first trpL 366 codons. Accordingly, removal of Tc from the medium led again to a decrease in the rnTrpL levels 367 (compare lanes 7 and 8 in Fig. 10A ). These results support the idea that the trp attenuator can sense 368 translation inhibition as an independent signal. They prove that, upon translation inhibition, the 369 regulatory sRNA rnTrpL is generated even under Trp limiting conditions, in line with its Trp-independent 370 role in rplUrpmA destabilization (see Fig. 10C ).
372
The leader peptide peTrpL strongly accumulates upon exposure to Tc
373
According to our data, downregulation of rplUrpmA in the presence of Tc is mediated by rnTrpL and 374 peTrpL (in combination). However, nothing is known about the abundance of peTrpL under different 375 conditions, especially upon exposure of bacteria to Tc. Therefore, we used mass spectrometry to 376 determine the amount of peTrpL in bacterial lysates. As a standard, we used a heavy synthetic peptide 377 (with a heavy C-terminal arginine). S. meliloti 2011 was grown in rich TY medium or in minimal medium 378 with 2 µg/ml Trp. At OD600 = 0.5, the cultures were divided into two halves. To one of them, 1.5 µg/ml 379 Tc was added, and the second (control) sample was supplemented with the corresponding amount of 380 solvent (ethanol). Cells were harvested 10 min after this treatment and the endogenous peTrpL peptide 381 was quantified ( Fig. 10B ). In the control TY cultures, the peTrpL amount was very low (2,3 fmol/µl lysate), 382 while in the Tc-treated cultures the amount was 100-fold higher. In the control cultures grown in minimal 383 medium, the peptide was under the limit of detection, but the exposure to Tc resulted in its strong
Several translation inhibitors support the complex of peTrpL, rnTrpL and rplUrpmA 388
The data presented above strongly suggest that rplUrpmA downregulation by rnTrpL and peTrpL is a 389 response to translation inhibition by Tc. They prompted us to test whether downregulation is also 390 triggered by other translation inhibiting antibiotics such as erythromycin (Em), chloramphenicol (Cl) and 391 kanamycin (Km). As a negative control, the transcription inhibitor rifampicin (Rf) was included, and Tc 392 was used as a positive control. The antibiotics were added in subinhibitory concentrations to cultures of 393 the parental strain 2011 and the deletion mutant 2011ΔtrpL and, 10 min post addition, changes in the 394 levels of rpmA and the control mRNA trpE(G) were analyzed by qRT-PCR. Fig. 11A shows that, in strain 395 2011, the rpmA level was decreased when Tc, Em, Cl or Km were applied, but not upon addition of Rf.
396
In contrast, an rpmA decrease was not detected in strain 2011ΔtrpL after exposure to the translation 397 inhibitors. Further, the mRNA trpE(G) was not significantly affected in both strains (Fig. 11A ). These 398 results support the critical role of the trp attenuator (and its trans-acting products) in rplUrpmA 399 downregulation upon exposure to translation inhibitors.
400
Next, we tested whether (similar to Tc) the translation inhibiting antibiotics Em, Cl and Km support the 401 formation of complexes involving peTrpL, rnTrpL and rplUrpmA. For this, strain 2011 (pSRKGm-402 3×FLAG-peTrpL) was grown in Gm-containing medium. Simultaneously to the induction of 3×FLAG-403 peTrpL production by adding IPTG, one of the antibiotics Tc, Em, Cl, Km or Rf was added. 10 min later, 404 a CoIP with 3×FLAG-peTrpL was conducted, and one half of the beads of each CoIP was washed with 405 a buffer containing the respective antibiotic, while the other half was washed with a buffer lacking the 406 antibiotic. qRT-PCR analysis revealed that rnTrpL and rplUrpmA but not trpE(G) were 407 coimmunoprecipitated in the presence of Em, Cl, Km and the positive control Tc, but not in the presence 408 of Rf ( Fig. 11B ). Similar to the data shown before for cultures containing a Tc-resistance plasmid and 409 grown at selective Tc concentration (20 µg/ml) ( Fig. 6B) , the experiments using subinhibitory 410 concentrations of the various translation-inhibiting antibiotics revealed that an asRNA complementary 411 to rplUrpmA was co-purified ( Fig. 11B ).
412
Together, these results suggest that (similar to Tc) the translation inhibitors Em, Cl and Km promote the 413 formation of an ARNP that is involved in rplUrpmA destabilization. Thus, the posttranscriptional 414 downregulation of rplUrpmA by peTrpL and rnTrpL is probably a general response to translation-415 inhibiting antibiotics.
417
Conservation of rnTrpL and peTrpL functions in other bacteria despite sequence heterogeneity
418
To determine functionally important residues in peTrpL of S. meliloti, we performed alanine scanning 419 mutagenesis and tested the functionality of the mutagenized peptides in strain 2011. Compared to the 420 wild type peptide peTrpL, Ala substitutions of Thr4, Ser8 and Trp12, respectively, had the strongest 421 impact. Induced production of these mutated peptides for 10 min led to increased (rather than 422 decreased) rpmA levels (Fig. 12A ). The Ala substitutions of the Trp10 and Trp11 residues abolished the in Fig. 12B . Surprisingly, the functionally important residues Thr4 and Ser8 of S. meliloti peTrpL are not 431 conserved even within the Sinorhizobium group.
432
Despite the lack of peTrpL sequence conservation, we tested whether the role of rnTrpL and peTrpL in 433 rplUrpmA regulation is conserved in Agrobacterium tumefaciens (which, together with S. meliloti, 434 belongs to Rhizobiaceae), and in the more distantly related Bradyrhizobium japonicum (a 435 Bradyrhizobiaceae member). In both species, the mRNA level of rplUrpmA was specifically decreased 436 when the respective peTrpL homolog Atu-peTrpL or Bja-peTrpL was overproduced from a Tc resistance-437 conferring plasmid ( Fig. 12C ). Similar results were obtained upon overproduction of the sRNA homologs 438 ( Fig. S10) . Thus, the function of peTrpL in the regulation of rplUrpmA seems to be conserved in these 439 Alphaproteobacteria.
441
Discussion
442
This proof of principle study establishes that bacterial leader peptides can exert conserved functions in 443 trans. Our data provide strong evidence that, in S. meliloti, the 14-aa leader peptide peTrpL is involved 444 in destabilization of rplUrpmA mRNA upon exposure to representative translation-inhibiting antibiotics.
445
This downregulation of rplUrpmA expression by peTrpL depended on the presence of the attenuator 446 sRNA rnTrpL and Tc or other translation-inhibiting antibiotics (Fig. 1G, Fig. 2, Fig. 3 and Fig. 11A ).
447
We provide conclusive evidence that the sRNA rnTrpL base pairs with rplU and that this direct interaction 448 downregulates the rplUrpmA mRNA levels (Fig. 4) . The identification of rplUrpmA as a direct target of 
457
The antibiotic-triggered, posttranscriptional downregulation of rplUrpmA identified in this study probably 458 serves to adjust the production and/or function(s) of ribosomes. Lower levels of rplUrpmA mRNA may 459 negatively influence ribosome biogenesis and/or result in ribosomes lacking the L21 and L27 proteins.
460
While the function of L21 is not clear, E. coli L27-deficient mutants were shown to have reduced peptidyl Therefore, we suggest that the antibiotic-triggered rplUrpmA downregulation by peTrpL is a part of an 510 adaptation mechanism.
511
Unexpectedly, asRNAs were present in the ARNPs purified from S. meliloti (Fig. 6, Fig. 11B ). However, 512 these asRNAs did not seem to be absolutely necessary for rplUrpmA downregulation by rnTrpL in vivo, 513 because the asRNAs were not co-induced in the two-plasmid assay showing the base-pairing between 514 rnTrpL and rplU (Fig. 4) . Further, asRNAs were dispensable for the reconstitution of core ARNPs in vitro 515 ( Fig. 9A ). However, our data suggest that the anti-rplUrpmA RNA, which is specifically induced under 516 antibiotic stress, may increase the efficiency of ARNP formation (Fig. 9B ). Thus, in vivo the asRNAs 517 may support the redirection of rnTrpL from trpDC to rplUrpmA upon antibiotic exposure.
518
The mechanism reported here for rplUrpmA destabilization adds another facet to the molecular 519 responses of bacteria to antibiotics. It is well known that antibiotics are used as allosteric effectors of 527 Surprisingly, despite the lack of sequence conservation beyond the Trp residues, the function of peTrpL 528 in rplUrpmA downregulation is conserved among soil Alphaproteobacteria, such as the plant pathogen 529 A. tumefaciens and the soybean symbiont B. japonicum. This probably reflects molecular adaptation to 530 (or co-evolution with) RNA interaction partners in the respective host. The functional conservation of 531 peTrpL suggests that ARNP-based regulatory mechanisms may also be conserved in other bacteria.
532
In summary, our work establishes a role of the leader peptide peTrpL in trans, extends the target 533 spectrum of the attenuator sRNA rnTrpL, indicates that the trp attenuator can sense translation inhibition 534 as a second signal, and demonstrates the formation of antibiotic-supported ribonucleoprotein 535 complexes. We are convinced that the data described here will inspire future research on multifunctional 546 tumefaciens NTL4 in TY, and B. japonicum 110spc4 in in PSY medium. Growth conditions and selective 547 antibiotic concentrations were as previously described (Melior et al., 2019; Mesa et al., 2008) .
548
Alphaproteobacteria were cultivated to an OD600nm of 0.5, and then processed. Cloning procedures were 549 performed essentially as described by Sambrook et al. (1989) .
550
All oligonucleotides (primers) are listed in Table S3 . They were synthesized by Microsynth (Balgach,
551
Switzerland). The used plasmids are listed in Table S4 . As vectors the conjugative, broad-host range 
562
For short-term exposure of S. meliloti strains harboring a Tc-resistance plasmid, 20 µg/ml Tc was used.
563
Further, following subinhibitory antibiotic concentrations were used for strains lacking resistance 564 plasmids: 1.5 µg/ml Tc, 27 µg/ml Em, 9 µg/ml Cl, 3 µg/ml Rf, 45 µg/ml Km. A control culture was exposed 565 in parallel to the respective solvent (ethanol, methanol or water). EGFP fluorescence was measured in 566 Tecan Infinite M200 reader 20 min after IPTG addition to cultures of strains containing two plasmids 567 (pSRKGm-and pSRKTc-constructs for IPTG-induced expression of egfp reporter fusions and the 568 sRNA, respectively).
569
For more details, see the Supplementary Methods File.
570
RNA methods
571
Total RNA of S. meliloti and A. tumefaciens was isolated using TRIzol and hot-phenol (for Northern blot 572 hybridization and qRT-PCR analysis) or using RNeasy columns (for RNA half-live measurements;
573
Qiagen, Hilden, Germany) as described (Melior et al., 2019) . Northern Blot hybridization with 574 radioactively labeled oligonucleotide probes was also previously described (Melior et al., 2019) . Strand- 
596
RNA-seq was performed by Vertis Biotechnologie AG (Freising, Germany). cDNA reads were mapped 597 as described (Sharma et al., 2010) .
598
For in vitro transcription the MEGAshortscript T7 kit (Ambion) was used according to the manufacturer 599 instructions. The T7 promoter sequence was either integrated in one of the primers for PCR amplification 600 of the template, or it was present in oligonucleotides that were annealed to obtain double-strand 601 template (see Table S3 ). TURBO-DNase was used to remove the DNA template (The in vitro transcript 602 was extracted with acidic phenol, precipitated with ethanol and analysed in a 10% polyacrylamide-urea 603 gel after staining with ethidium bromide.
604
For more details, see the Supplementary Methods File. Figure 3 . Tetracycline is also required for downregulation of rplUrpmA by rnTrpL and peTrpL. A) Schematic representation of the experiment aiming to detect a short-term effect of Tc on rplUrpmA expression in strain 2011ΔtrpL (pSRKGm-rnTrpL, pRK4352). The culture was grown first in medium with Gm and Tc. Then, the strain was grown for 4 h without Tc, IPTG was added and, 10 min later, Tc was also added. RNA was isolated at the indicated time points. The rpmA levels at the time points 10 and 20 min were compared to the level at the time point 0 (marked with arrows and asterisks). B) qRT-PCR analysis of changes in the rpmA level upon induction of lacZ′-rnTrpL transcription with IPTG and/or exposure to Tc. In addition to the culture treatment depicted in panel A, suitable controls were conducted: cultures were exposed to IPTG only, Tc only or to a combination of both compounds for the indicated times grown with Tc. 10 min after induction of lacZ′-rnTrpL production by IPTG, rifampicin (Rf) was added to stop cellular transcription. In parallel, a non-induced culture was treated with Rf. The mRNA level at time point 0 (before Rf addition) was set to 100%, the relative mRNA level values were plotted against the time, and the mRNA half-lives were calculated. Shown are the results from three independent transcription inhibition experiments. The qRT-PCRs reactions were performed in technical duplicates (means with standard deviations are indicated). B) Half-lives of rpmA in strain 2011ΔtrpL (pSRKGm-rnTrpL) grown with Gm and exposed to a subinhibitory Tc concentration (1.5 µg/ml) for 10 min. A culture was split in four portions, which were treated differently in respect to IPTG and Tc addition (indicated). For other descriptions see A). The rplU half-lives are shown in Fig. S3 . A) The eluted ARNP complex was serially diluted with a buffer without Tc as indicated, and then pull-down with MS2-MBP-beads was performed. The supernatant (unbound rpmA) and pellet (rpmA bound to MS2-rnTrpL) were compared by qRT-PCR. The complex largely dissociates at 0.4 µg/ml Tc (L, Low-Tc). For B) and C), the eluted ARNP complex was amended with synthetic 3×FLAG-peTrpL and divided in three portions that were treated differently: 1) 10′ H, the sample was incubated for 10 min at High-Tc. 2) 3′ L, 7′ H, the sample was diluted 5× in buffer without Tc and incubated for 3 min at Low-Tc; then the Tc concentration was raised and the sample was incubated for 7 min at High-Tc. 3) 10′ L, the sample was diluted 5× in buffer without Tc and incubated for 3 min at Low-Tc; then corresponding volume of ethanol (Tc solvent) was added, without raising the Tc concentration, and the sample was incubated for additional 7 min at Low-Tc. B) The treated samples were subjected to MS2-MBP affinity chromatography and the elution fractions were analyzed by Tricine-SDS-PAGE. A representative Coomassie stained gel is shown. C) The treated samples were subjected to CoIP with FLAG-specific antibodies and coimmunoprecipitated RNA was analyzed by qRT-PCR with rpmA specific primers. D) To an ARNP sample that was diluted 5× in buffer without Tc, incubated for 3 min, and mini-rplU and mini-trpC transcripts were added. The sample was split and the one half was kept at Low-Tc, while to the second half Tc was added to achieve High-Tc conditions. After seven minutes, MS2-MBP affinity chromatography was performed and the transcripts co-purified with MS2-rnTrpL were analyzed by qRT-PCR. For details see B) and C in which 10 µg RNA was loaded. First, a probe directed against rnTrpL was used and, then, the membrane was re-hybridized with the 5S rRNA-specific probe (loading control). Detected RNAs are indicated. B) Mass spectrometry analysis reveals strong accumulation of peTrpL in strain 2011 upon 10 min exposure to Tc (1.5 µg/ml). Lysates of cultures grown in rich TY medium or in MM supplemented with 2 µg/ml Trp were analyzed. As indicated, the cultures were exposed to Tc or were not exposed (the solvent ethanol only was added). Shown are means and standard deviations from three independent experiments. p-values for students t-tests are given. C) Graphic summary of the results shown in A) and B). Under conditions of Trp insufficiency (Low Trp), peTrpL is slowly translated and probably rapidly degraded. Upon exposure to 1.5 µg/ml Tc, peTrpL accumulates, probably due to its stabilization. The (partial) translation inhibition by leads to transcription termination between trpL and trpE(G) and generation of rnTrpL. Thus, even under conditions of Trp shortage, rplUrpmA can be downregulated by rnTrpL and peTrpL in response to Tc exposure. Figure 11 . Several translation-inhibiting antibiotics down-regulate rplUrpmA and promote ARNP formation. A) qRT-PCR analysis of changes in the rpmA level 10 min after addition of the indicated antibiotics at subinhibitory concentrations to cultures of strain 2011 or 2011ΔtrpL: 1.5 µg/ml Tc, 27 µg/ml Em, 9 µg/ml Cl, 3 µg/ml Rf, 45 µg/ml Km. trpE, negative control. B) Enrichment analysis of the indicated RNAs in the 3×FLAG-peTrpL CoIP samples from strain 2011 (pSRKGm-3×FLAG-peTrpL), in comparison to the control, mock CoIP conducted with strain 2011 (pSRKGm-peTrpL) . Bacterial cultures were grown in medium with Gm. CoIP was performed 10 min after addition of IPTG and one of the indicated antibiotics (the concentrations are specified in A). The same antibiotic concentration was present in the washing buffer (+ AB), or buffer without antibiotic was used (-AB). Shown are the results from three independent CoIP experiments. The qRT-PCR for each experiment was performed in duplicates (means with standard deviations are indicated). Changes in the levels of rpmA were determined by qRT-PCR 10 min after addition of IPTG to induce the overproduction of peTrpL variants with the indicated aa exchanges. As EVC, S. meliloti 2011 cotransformed with pSRKGm and pRK4352 were used, while the strains used to overproduce wild type peTrpL (or one of its variants with aa exchanges) were cotransformed with pSRKGm-peTrpL (or one of its mutated derivatives) and pRK4352. All cultures were grown with Gm and Tc in the medium. B) Sequence logos for peTrpL of the Sinorhizobium, Agrobacterium and Bradyrhizobium groups (see Fig. S9 ). C) qRT-PCR analysis of the indicated mRNAs in A. tumefaciens and B. japonicum shows a decrease in the rplUrpmA mRNA levels upon overproduction of corresponding peTrpL homologs. Plasmid pSRKTc-Atu-peTrpL was used to induce peptide production for 10 min, and mRNA levels after induction were compared to those before induction. Due to the lack of a suitable inducible system for B. japonicum, Bja-peTrpL was overproduced constitutively from the chromosomally integrated, Tc-resistanceconferring plasmid pRJ-Bja-rnTrpL. The leader peptide and the antibiotic redirect the attenuator sRNA rnTrpL from antibiotic-independent targets such as trpDC to rplUrpmA mRNA. The asRNA anti-rplUrpmA, which is induced upon exposure to Tc and increases the ARNP complex formation, is shown in a duplex with rplUrpmA mRNA. Base-pairing between rnTrpL and a specific rplU sequence is necessary for rplUrpmA destabilization. 
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